SPECIFICATION 



TITLE OF THE INVENTION 
Liquid Crystal Projector 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a liquid crystal 
pro j ector . 

Description of the Background Art 

As light sources for liquid crystal projectors, a metal 
halide lamp, an extra-high pressure mercury lamp, etc. have 
been used. The lamps significantly increase in temperature 
when they are driven. Accordingly, cooling fans have been 
generally used for the liquid crystal projectors. 

The cooling fan is a source of noise. In the recent trend 
to quiet sound, the cooling fan has been operated in the 
vicinity of the lower limit of an operation assurance voltage 
(the minimum voltage at which the rotation of a fan can be 
maintained after the fan is rotated once) to drive the fan in 
a state where the number of revolutions is reduced as much as 
possible, thereby suppressing noise produced from the fan. 

However, the minimum voltage required to rotate a fan 



from a state where the fan is stopped (the minimum voltage for 
fan starting) is higher than the operation assurance voltage. 
Accordingly, the minimum voltage for fan starting which is 
higher than the operation assurance voltage is applied to the 
cooling fan when the power to the liquid crystal projector is 
turned on, and the applied voltage is lowered after the fan 
is started, to achieve quiet sound. Consequently, noise 
produced by the fan is low at the time of normal operation, 
while high noise is produced at the time . of starting. 

Since the minimum voltage for fan starting which is 
determined in the specification is set to a voltage higher than 
a voltage required to actually rotate the cooling fan from a 
state where the cooling fan is stopped, the cooling fan is 
actually started at a voltage lower than the minimum voltage 
for fan starting which is determined in the specification. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a liquid 
crystal projector capable of reducing noise at the time of 
starting a cooling fan. 

A first liquid crystal projector according to the 
present invention is characterized by comprising detection 
means for detecting whether a cooling fan is stopped or is 
being rotated, first control means for gradually raising a 
voltage to be applied to the cooling fan when the cooling fan 
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is started, and second control means for setting the voltage 
to be applied to the cooling fan to a predetermined normal 
operating voltage when the detection means detects that the 
cooling fan is rotated in the process of gradually raising the 
voltage to be applied to the cooling fan by the first control 
means . 

A second liquid crystal projector according to the 
present invention is characterized by comprising a detection 
circuit for detecting whether a cooling fan is stopped or is 
being rotated, a first control circuit for gradually raising 
a voltage to be applied to the cooling fan when the cooling 
fan is started, and a second control circuit for setting the 
voltage to be applied to the cooling fan to a predetermined 
normal operating voltage when the detection circuit detects 
that the cooling fan is rotated in the process of gradually 
raising the voltage to be applied to the cooling fan by the 
first control circuit. 

The foregoing and other objects, features, aspects and 
advantages of the present invention will become more apparent 
from the following detailed description of the present 
invention when taken in conjunction with the accompanying 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram showing a circuit for 
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controlling a cooling fan provided in a liquid crystal 
proj ector ; 

Fig. 2 is a flow chart showing the procedure for fan 
voltage control processing by a CPU 1; and 

Fig. 3 is a graph showing the change in fan voltage at 
the time of starting a cooling fan. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to the drawings, description is now made 
of an embodiment of the present invention. 

Fig. 1 illustrates a circuit for controlling a cooling 
fan provided in a liquid crystal projector. 

A CPU 1 comprises a ROM (not shown) storing its program 
and others, and a RAM (not shown) storing necessary data. A 
fan voltage control circuit 2 controls a driving voltage for 
a cooling fan 3 on the basis of a control signal from the CPU 
1. An operation signal from an operation unit (a remote 
control, an operating unit on the main body side) 4 is inputted 
to the CPU 1 . 

The cooling fan 3 comprises the function of outputting 
a signal indicating whether the fan is stopped or is being 
rotated. The cooling fan 3 comprises a ground terminal PI, 
a voltage application terminal P2 , and a LOCK sensor terminal 
P3 . The ground terminal PI is grounded. The voltage 
application terminal P2 is connected to an output terminal of 
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the fan voltage control circuit 2. 

The LOCK sensor terminal P3 is a terminal for outputting 
a signal indicating whether the fan is stopped or is being 
rotated. A potential at the LOCK sensor terminal P3 is held 
at a High level in a state where the fan is stopped, while being 
held at a Low level in a state where the fan is being rotated. 

A fan stop/rotation judgment circuit 10 is connected to 
the LOCK sensor terminal P3 . The fan stop/rotation judgment 
circuit 10 comprises resistors Rl to R4 and a switching 
transistor TR1 . 

A first DC power supply Vcl is connected to the LOCK 
sensor terminal P3 through the resistor Rl , and is connected 
to the base of the switching transistor TR1 through a bias 
circuit comprising the resistors Rl , R2 , and R3 . A second DC 
power supply Vc2 is connected to the collector of the switching 
transistor TR1 through the resistor R4 . The emitter of the 
switching transistor TR1 is grounded. A fan stop/rotation 
judgment signal corresponding to a voltage at a collector 
terminal of the switching transistor TR1 is inputted to the 
CPU 1. 

When the cooling fan 3 is stopped, the potential at the 
LOCK sensor terminal P3 is at a High level. Accordingly, a 
current flows in the base of the switching transistor TR1 from 
the first DC power supply Vcl" through the bias circuit 
comprising the resistors Rl , R2 , and R3 . Therefore, the 
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switching transistor TR1 is turned on, so that the fan 
stop/rotation judgment signal enters a Low level. 

On the other hand, when the cooling fan 3 is being 
rotated, the potential at the LOCK sensor terminal P3 is at 
a Low level. Accordingly, a current flows in the LOCK sensor 
terminal P3 from the first DC power supply Vcl . Therefore, 
the switching transistor TR1 is turned off, so that the fan 
stop/rotation judgment signal enters a High level. 

In the present embodiment, the CPU 1 controls the fan 
voltage control circuit 2 such that a voltage to be applied 
to the cooling fan 3 (a fan voltage) is changed, as indicated 
by a solid line ^ in Fig. 3, when the cooling fan 3 is started, 
that is, when the power to the liquid crystal projector is 
turned on (at a time point tl) . That is, the voltage to be 
applied to the cooling fan is gradually raised when the cooling 
fan is started, and is set to a predetermined normal operating 
voltage when it is detected in the process of gradually raising 
the voltage to be applied to the cooling fan that the cooling 
fan is rotated (at a time point t2) . 

Fig. 2 shows the procedure for fan voltage control 
processing by the CPU 1. 

When the power to the liquid crystal projector (a set 
power supply) is turned on (step 1) , a control value to the 
fan voltage control circuit 2 is increased by one step for each 
predetermined time interval such that the fan voltage is 
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gradually raised (step 2) . Every time the control value is 
increased by one step, it is judged whether or not the cooling 
fan 3 is started (rotated) on the basis of the fan 
stop/rotation judgment signal (step 3) . 

When it is detected that the cooling fan 3 is started 
(rotated) in the process of gradually raising the fan voltage 
outputted from the fan voltage control circuit 2 (YES in step 
3) , the control value to the fan voltage control circuit 2 is 
set to a control value corresponding to the normal operating 
voltage such that the fan voltage is a predetermined normal 
operating voltage (set in the vicinity of the lower limit of 
the operation assurance voltage) Vm (step 4) . Consequently, 
the fan voltage outputted from the fan voltage control circuit 
2 is the predetermined normal operating voltage. 

A broken line b in Fig. 3 indicates the conventional 
change in the fan voltage at the time when the power to the 
liquid crystal projector is turned on. That is, in the 
conventional example, when the power to the liquid crystal 
projector (the set power supply) is turned on, the fan voltage 
control circuit 2 is controlled such that the fan voltage is 
the minimum voltage for fan starting Vh which is determined 
in the specification, and is controlled such that the fan 
voltage is the normal operating voltage Vm after an elapse of 
a predetermined time period. 

As described in the foregoing, the minimum voltage for 



fan starting Vh which is determined in the specification is 
actually set to a voltage higher than a voltage required to 
rotate the cooling fan from a state where the cooling fan is 
stopped. Therefore, the fan voltage control described in the 
present embodiment allows the cooling fan 3 to be started at 
a voltage lower than the minimum voltage for fan starting Vh 
which is determined in the specification. 

In the present embodiment, therefore, the voltage to be 
applied to the cooling fan 3 at the time of starting the cooling 
fan 3 can be made lower, and noise produced by the cooling fan 
3 can be made lower, as compared with those in the conventional 
example . 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to be 
taken by way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims . 
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